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ABSTRACT

Expansion joints in bridge decks must be sealed to prevent surface water and
contaminant runoff from deteriorating the load carrying steel and concrete members
beneath the structure. Within the past few years the Arkansas State Highway and
Transportation Department (AHTD) has specified poured silicone joint sealers on new
bridges via Special Provision. The success of these type joints has been variable,
including several premature joint failures. The object of this research was to monitor five
installations of poured silicone joint sealers on bridges and watch them for one year.

Also, fifteen existing joints were to be looked at over the course of the project.
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Figure 32: Bald Knob Exit 54 Joint Sealant Pushing Up to Roadway (8-9-07)

The backer rod for this joint was attempted to be removed in June, so that there
might be a little more room for the silicone sealant to recess and not push up to the
roadway. The joint was too tight to allow anything to pull the backer rod out from
underneath. The winter months showed that the sealant recessed a little more as the
width of the joint increased. To date, no failures have occurred on this joint.
4.4.2.2 Hwy. 167 Southbound Creek Bridge

The bridge deck joint for Highway 167 of the southbound lane over the creek is
located just after Exit 54 on Highway 167 in Bald Knob, Arkansas. The joint was
installed on December 13, 2006 where the temperature was approximately 45°F and the

surface temperature of the joint was 40°F.
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The installation procedure followed for this bridge was identical to that of the Exit
54 Bridge as was described above. However, the backer rod was not cut in half for this
joint, but was still about 2 ¥2 inches in diameter and had to be forced into the joint in
places. On the day of installation, the joint width was approximately 1 3/8 inches wide
throughout. The depth to silicone was 3 of an inch, which was somewhat deeper than
the Exit 54 Bridge.

The monitoring of this joint showed that the silicone has continued to protrude
upwards toward the roadway surface and as of August 2007, many spots are higher than
the surface of the roadway in traffic lanes as well as the shoulder of the road. These areas
are even in traffic spots and this has allowed traffic to start tearing the joint. From
August 2007 to January 2008, the sealant began to recess some as the joint widened, but
the depth at most was Y2 inch from the roadway. The spot that was being hit by vehicles
recessed enough so that it was no longer at roadway height. No failures had occurred in

the joint, as one can see in Figure 33, the joint did take some significant damage.
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Figure 33: Southbound Creek Bridge Joint Damage (8-9-07)

On June 12, 2007, the bridge deck joint’s backer rod was removed from
underneath the roadway. The theory was that this would help alleviate some of the
pressure on the sealant that was making it push up to the roadway surface. Due to the
temperatures though, the joint only contracted more and pushed the sealant farther up
toward the roadway. On August 9, 2007, the joint width was only 5/8 — 34 of an inch in
places from the original installation of 1 ¥2 inches in width. This is more than a 50%
contraction which exceeds the maximum contraction that the Dow Corning 902 RCS
Joint Sealant can withstand. The joint did begin to recess a bit through the fall and into

the winter. Only checking the joint in the summer of 2008 again will determine whether
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or not the removal of the backer rod was a success and alleviated the pressure pushing up
on the sealant. If the sealant is at or above roadway height again, the removal of the
backer rod was not enough to help keep the sealant recessed.

4.4.2.3 Hwy. 167 Northbound Creek Bridge

The bridge deck joint for the Highway 167 Creek Bridge located in the
northbound lane is directly across from the southbound lane bridge mentioned above.
This joint was installed on August 9, 2007 where the air temperature was approximately
95°F and surface temperature readings were measured at 103°F. Monitoring of this
bridge deck joint only lasted until January of 2008.

The joint width on the day of installation averaged 1 Y4 inches and the target
thickness of the silicone was Y2 an inch. The backer rod was 2 % inches in diameter
which is above the specifications listed in Table 3. The backer rod was once again cut in
half to be placed into the joint. During this installation, care was taken at placing the
backer rod to assure it was at the correct depth and to make certain the backer rod had a
uniform “non-wrinkled” shape. All other installation procedures used at Bald Knob in
December were followed once again. The only change was that the Dow Corning
representative stated that the primer should be given at least 2 hours to set instead of 1
hour as was previously indicated. Another minor change made for this joint was that the
backer rod ends were left down so as to allow drainage off the bridge into the creek
below and to prevent debris build-up from occurring as was observed on the other two
Bald Knob bridges.

Since the installation, the bridge deck joint has performed very well and no

problems have been found on the sealant. The width of the joint got up to 1 ¥2 inches in
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January 2008 where the depth stayed at 5/8 of an inch throughout. The original depth to
the silicone sealant was between 5/8 and 34 of an inch, so the depth has not changed over
the months since installation. Also, the sealant has maintained a very uniform depth
throughout the width of the bridge and throughout the months since installation as can be
seen in Figure 34. Very little debris has been found in the joint in the roadway area, but
there is still a build-up of debris on the shoulders, even after the turn-down of the ends of

the joints.

Figure 34: Bald Knob Northbound Creek Joint (1-16-08)
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4.4.3 Hwy. 94 over Blossom Way Creek

The bridge deck joint for Highway 94 over Blossom Way Creek was installed on
December 21, 2006. Only the joints on the two lanes of the bridge on the eastbound side
were installed on this day, because the remaining traffic lanes had already been installed
several months before. The air temperature for the installation was approximately 40°F.
Since the installation, continual monitoring has occurred about every 4-6 weeks.

The expansion joints were installed for the Blossom Way Creek Bridge during the
winter, and the joint width averaged 1 3 inches at the time. Contractors installed the
sealant for this joint and followed the procedures according to Dow Corning
specifications. A 2 V2 inch backer rod was placed in the joint. Also, a specially made
board was used to insure the backer rod was placed at the correct recess. By doing this,
the silicone had a thickness of Y2 an inch and was placed at a depth of 34 of an inch. Also,
the backer rod was placed so that the backer rod was free of wrinkles. These wrinkles
could lead to a poor shape factor of the silicone.

Through the following months, the joint was continually monitored and no signs
of damage could be seen to the sealant. The bridge was opened to traffic at the end of
June, 2007. The only major observation at this joint was the debris build-up in the joints
which was probably due to excess construction waste. Some of this debris would need to
be removed before traffic was on the bridge, due to the fact that it could puncture the
silicone. Also, upon checking underneath the bridge, it was found that several of the
backer rods had come out. This is due to the joint width widening during the colder

winter months, and it was also due to the fact that the correct size backer rod was used.
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Joint widths changed very little from the installation of the bridge. In the warmer
summer months, the eastern joint was 1 3/8 inches wide while the western joint was
about 1 ¥2 inches wide. The colder months led to joint widths on the eastern side of 1 5/8
inches and western side closer to 2 inches. Recess depths of the silicone for the eastern
joint were about ¥2 an inch in the summer and 34 of an inch in the winter. The western
joint recess depths were % of an inch in the summer and 34 of an inch in the winter. Each
respective joint had relatively uniformity to the sealant level throughout the half width of
the bridge.

Further monitoring of the joints showed that no problems were found to have
arisen due to the excess debris within the joints. The only noticeable things found on the
joint were a few soft spots which may have been from inadequate thickness of the
sealant. Also, during the summer months the western joint had one spot that got up to the
roadway height and allowed traffic to hit it some as can be seen in Figure 35. No damage

was caused to the sealant since it did not go above the roadway.
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Figure 35: Blossom Way Creek Joint with Sealant at Roadway (8-14-07)

4.4.4 1-40 over Valley View Road

The bridge deck joint on I-40 over Valley View Road is located in Little Rock,
Arkansas near exit 152 on the northwest bound lane of I-40. The joint was installed on
March 29 and 30 of 2007 where the air temperature was approximately 80°F. The joint
has continued to be monitored every 4-6 weeks since its installation.

The installation of the joint for this bridge followed the same procedures as was
done in Bald Knob and Rogers. The joint width at the time of installation was 2 inches.
Priming of the joint was done with a 1 hour waiting period, but a few places were missed

and were re-primed immediately before the placing of the backer rod and applying the
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sealant. The backer rod used on this joint was 3 inches in diameter which was much too
large for this joint. The backer rod was forced into place. Finally, the depth to silicone
was Y2 an inch with a silicone thickness of 2 an inch.

Upon returning visits, a few problem areas were discovered. One spot in the joint
looked as though something had tried to puncture the sealant. Construction workers
should be aware of the silicone sealant expansion joints so as not to damage them, or the
sealants should not be installed until a few weeks before the bridge opens to avoid
construction problems altogether. At the time, the bridge had not yet opened to traffic.
Since July 2007 when the bridge opened to traffic, the puncture area has performed very
well. Some debris has collected within its depression, but no problems or failures have
been noticed.

Another problem area was discovered where it looked as though concrete had
attached to the sealant. A few days after the installation of the sealant, concrete was
poured for the ends of the bridge deck. Splashes from the concrete pour were found in
the joint. This may have had unknown effects with the sealant that was still curing.

Upon inspection of the joint, the sealant was being torn away from the joint sides where a
splash of this concrete was found. The unknown chemical process could have caused this
small tear, or the more probable solution was that the tear may have been caused by the
primer not having the proper curing time before placing the sealant. This area was one of
the spots that were hastily gone back over with primer right before placing the backer rod
and sealant material.

Upon the last visit on March 31, 2008, the area that was originally noted as

having a small tear before traffic had been allowed onto the bridge, now was about a 3
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inch long tear. This tear was completely detached from the joint side and allowed debris
and water to get through to the understructure of the joint constituting a failure. The spot
was only recently noticed since it was in the middle of a very high traffic 3-4 lane bridge.
Finally, due to the backer rod being so large, the silicone depth is somewhat less
now and it is approaching the roadway height in some areas. Also, some areas of silicone
seem to be taking on the appearance of the backer rod’s “wrinkly” surface from improper
placement. No problems have been noticed due to the recess depth of the silicone or the
“wrinkly” appearance of the silicone in a few places. The only major problem as noted

above was the detachment of the silicone from the side of the joint.
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Chapter 5
Summary, Conclusions and Recommendations
The following sections give some installation recommendations that have been
discovered by visiting the bridge sites and monitoring them. Also, some possible reasons
for failures are presented with possible solutions to the problems.
5.1.  Installation Recommendations
1. Sandblast the joint down to the depth where the silicone will be attached to the
sides of the joint wall. Figure 36 shows an example of the minimum depth
needed for sandblasting. The equation used to know the minimum depth for
sandblasting or priming would be: Recess Depth of Silicone (Refer to Table 4) +

Silicone Thickness (V2 inch) + ¥2 Backer Rod Diameter (Refer to Table 3).

‘rimer Depth Silicone Thickness = 1/2”

'od Diameter

Figure 36: Sandblast and Primer Application Minimum Depth
2. Airblast the joint to remove any excess debris. No debris should be present when

applying the primer or placing the silicone.
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3. Prime the joint with the correct primer as specified by Dow Corning. If the
primer comes in contact with rain or debris during its cure period, the primer must
be removed and the process started again, beginning with sandblasting the joint.
The minimum depth to prime can be seen above in Figure 36. Also, the equation
mentioned for minimum sandblasting depth can also be applied to minimum
primer depth.

4. The primer should set for at least an hour, and then it should be checked by
slicing a small part off in a few different areas with a pocket knife. If the primer
comes off your fingers flakey, then it has set long enough and placement of the
backer rod can begin. Dow Corning currently recommends 2 hours for the set
time of the primer.

5. Place the backer rod at the correct recess, so that the silicone will be at the correct
recess from the roadway. A depth of 1 - 1 Y4 inches is adequate. It may be
beneficial to construct a tool to do this, but the tool should place it at 1 ¥2 inches
deep, due to the rebound from the backer rod. Rebound may occur because the
backer rod is made of soft material that gives a little when one pushes on it. Due
to this, placing the backer rod at the correct depth needs to be taken with extreme
care, especially when using specially made boards to place the backer rod. The
backer rod needs to be uniform throughout its length with no crinkles or odd
spots. Also, the backer rod needs to be the correct size, usually no greater than %2
an inch plus the joint width in diameter. Dow Corning specifies backer rod

diameters for a range of joint widths and temperatures as shown in Table 3.
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6. Place the silicone sealant by combining Parts A and B in the special equipment
gun. Make sure the silicone is about Y2 an inch thick, so if the backer rod is at 1 %4
inches deep, make the silicone sealant has a recess depth around 2 - % inches
deep. Construct a special tool if necessary to create a smooth surface on the top
surface of the silicone and to insure the silicone is at the correct recess. Dow
Corning specifications also contain correct recess depths for backer rods and
silicone based on joint width and temperature. The above is a general guideline.

7. Allow the silicone to set for 30 minutes to 1 hour if possible before opening to
traffic. This will insure that no debris becomes embedded in the un-cured
silicone.

8. Consider removing the backer rod after 1 month if possible. The backer rod is
only needed to insure that the silicone sealant can set properly in the joint and is

not needed after the silicone has cured.

The first three steps are the most critical to the success of these joints and extreme
care should be taken. Following these guidelines should help to insure that the silicone
sealants lifespan is more on par with laboratory testing.

For newly installed joints on new bridge decks, limit the time the joints are exposed
to construction work. In other words, place the silicone a few weeks before the bridge
opens to regular traffic so construction activities do not damage the joint. One week is
ample time for the material to cure and work well with the joint. Only 8 hours is actually
needed for the material to cure enough to accommodate joint movements as stated by

Dow Corning. The only problem that may be encountered with this is the exposure of the
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bridge to weather during the months it is not in operation. The only other solution is to

inform the construction crews of the importance of the silicone sealants, so they do not

inadvertently cause damage.

5.2.

Reasons For Failures

Temperature: Installing the silicone sealant in the winter when the joint width is
the widest seems to produce the most problems such as the sealant protruding
above the roadway surface. Backer rod diameters that are too large and put in
during the colder months could also lead to these problems. Solutions to this
problem should be to use backer rods only % of an inch bigger than the joint in
the cold months. Also, recessing the joint sealant an extra %-%2 an inch in the
winter may help prevent it from protruding above the roadway surface. Finally, if
possible installation should occur in median months of the spring and fall.
Summer installation can lead to problems with the material not being able to
expand enough to handle the joint movement. Summer months do seem to be
preferable to winter months if installations are necessary.

Knowing the total cyclic movement of the joint: The total movement of the joint
throughout the year needs to be known before installing Dow Corning 902 RCS
Joint Sealant. The silicone sealant is only suitable for 100% expansion and 50%
contraction; otherwise it is prone to failure. Installing in the winter on many
joints, as noted by Bald Knob, can lead the joint to protruding above the surface
and ultimately premature failure. By knowing the joint movement during the

year, one can decide the optimal time to install the joint to insure the longest
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service life. At a minimum, installing the sealant when the joint is somewhere
between its extreme contraction and expansion would be best.

Joint width too large: Joint widths that are 3 inches or more do not perform as
well as those that are 2 inches or less. At joint widths between 2 and 3 inches,
some success has been observed. Those joints 3 inches or more seem to put too
much stress on the sealant material as well as allow more debris to accumulate in
the joint. Also, vehicle tires can come into contact with more of the sealant on the
larger joint widths. Possibly recessing the sealant deeper into the joint could help
alleviate some of the problems, but may present more by allowing more and
larger debris to get in the joint. At the very least, other alternatives should be
considered with widths greater than 3 inches.

Debris build-up on sides: The backer rods are typically turned up at the shoulders
of the bridges to prevent water and debris from draining off the sides. However,
water and debris often get stuck in the area around the silicone on the shoulders.
This could lead to possible punctures or the silicone being forced completely out
of place by traffic. A solution to this is to leave one side turned down so that
drainage can occur. This would only be a viable solution for those bridges with
drainage primarily toward one side. Also, extend the sealant out to the edge of
the bridge so that no water and debris hits the understructure and causes
corrosion.

Primer set-time: The set time for the primer has been found to be a major
problem. Both contractors and state officials would like a quicker set time for

primer so that they are not stuck there waiting for an hour or more. Also, due to
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this lengthy set time, many installations are rushed and the primer is not allowed
to set properly before applying the silicone which often leads to premature
failures where the silicone pulls off the steel on the side walls of the joint. Future
considerations for this primer performance would include a quicker set time, less
than 30 minutes so that this step is not rushed on the jobsite. If this is not
possible, rigorous guidelines, as presented in the Installation Procedure, need to
be set so as to insure the primer sets the proper amount of time, covers the entire
joint, and is applied to the correct depth.

Improper backer rod placement: Figure 31 shows an improper backer rod
installation where a backer rod much larger than the joint width was attempted to
be pushed into place. By placing the backer rod improperly, the shape of the
silicone is affected and can lead to premature failures. Also, using too large of a
backer rod can put excess stress on the silicone sealant from underneath which
can add to the pressure that acts on pushing the silicone up toward the surface of
the roadway. Improper backer rod placement can also lead to a “wrinkly” texture
of the silicone as can be seen in Figure 18.

Dirt road installations: Dirt road installations have shown variability for these
sealants. The joints do contain a lot more debris on dirt roads than on other roads.
This excess debris build-up can lead to premature failures of the joints including
punctures. One solution for this problem may be to install a type of screen over
the joint to keep a decent amount of the debris out. Other solutions may include
using an armored joint on dirt roads, or making sure someone cleans out the joint

every month.
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